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3.0 MAINTAINABILITY INDEX MODEL (MIM)

The prediction tool used to determine two-digit WUC maintenance valtu'
involves the use of a Maintainability Index Model (MIM). The MIM projects
realistic maintainability estimates for Navy Fighter, Attack and ASW aircraft
for use during conceptual and development design. The model is based on
regrcssion analysis techniques which relate historical maintenance data (MHl/FH
and MA/FH) to design and performance parameters, i.e. weight, thrust, speed,
etc. Thit technique was used sucecssfully by the Northrop Corporation in a
report on maintenance characteristics of United States Air Force tactical
fighter aircraft (Reference 11). Techniques from that study were modified and
expanded to include additional maintenance data. The result is that the MIM and
its complete set of index equations provides the Navy with a unique capabil.ty
to rapidly evaluate and predict new aircraft maintenance requirements.

3.1 GENERAL DESCRIPTION

This section discusses che procedure used to predict MMH/FH, MA/FH, MMH/MA,
EMT/MA ana MEN at Organizational ("0") and Intermediate ("I") levels for a 3-M
(Class 1) and FSE (Class 3) environment. A logic flow diagram depicting the
derivation and operation of the MIM is presented in Figure 3. 1. Section 3.0
also contains sample calculations and model validation.

3.2 MCDEL DERIVATION

The maintainability characteristics of tactical fighter/attack aircraft are

directly related to design and performance parameters (Reference 10). Selection
of these parameters along with a valid maintenance data base was the first step
In developing the MIM.

3.2.1 Aircraft Parameters

It is recognizel that increased performance of modern aircraft results in
in~reased maintenance requirements. Although the increase in maintenance is
probably due to increasing system complexity. accurate measure -of complexity is
difficult to derive and to apply consistently. Through considerable research
and trial and error, a viable procedure whiich can accurately and consistently
measure system cceplexity was developed. This procedure, which is used in this
".ext, involves the use of design and performance parameters to establish a
rlationship between increases in complexity and maintenance requirements.

The Fignter/Attack/ASW aircraft considered in the correlation analysis were
chosen because they provided a broad historical data base. Availability of main-
tenance data and design parameters were the main factors in the selection of
these late model aircraft. Listed below are the aircraft used in the two-digit
WUC analysis by type aircraft and year of first Fleet delivery:

A-4m 1971 F-4J 1966

A-6E 19T1 F-8J 1968
A-TE 1969 F - 'AA 1973

AV-8A 1971 5-3A 197 4

These aircraft possess the range and variatincr of desiiTr. raracteristics
necessary to produce valid estinatin•' rela'"i'nhip3. The en'tvy weiz.rit of the

3.1
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aircraft range from 10,400 pounds to 38,200 poundq; the maximum speed ranges
from 400 to 1300 knots and thr'ust ranges from 11,200 poundn to 41,800 pounds.
Se.ected aircraft are evenly distributf.d with respect to crew size (four
single-seat, three two-seat and one four-seat) and number of engines (four
single-engine and four twin engine).

Table 3. 1 presents a list of those parameters that were found to be most
representative of an aircraft's design char'acteristics ard were proven to be
statistically valid. ialues shown were extracted from the following documents:

o VSN Standard Aircraft Characteristics Charts
o Weighit and Balance Reports generated by each contracto,"

Other aircraft parameters that were considered, but rejected by the regression
analysis program because of poor correlation include:

o Weight, Environment Control System (ECS)
o Weight, Engine
o Speed, Minimum Landing
o Thrust per Aircraft
o Number of Fuel Tanks
o Fuselage Volume
o Service Ceiling
o Maximum Payload
o Utilization Rate
o Weight, Useful Load

3.2.2 Two-Digit Work Unit Code (WUC) Data Base

A 4 to 12 month FMSO data base was selected for use in the system analysis.
Raw 3-M data tapes obta4nea from FMSO were processed by computer programs into
four output reports: three concerning unscheduled maintenance and one concern-
ing scheduled maintenance. Each of the three unscheduled reports identified one
of the three classes of maintenance established i.n the previous section,
paragraph 2.3. The scheduled report identified scheduled maintenance for, the
three classes of maintenance in one report.

o . The Fleet Reported Unscheduled Maintenance Simmary
i i(FRUMS) Report depicted Class 1 maintenance. Tt identified hixtorical

maintenance data as reported in an operational environment.

o Reprt The Contractor Responsible Unscheduled Maintenance
Summary (CRUMS) Report was derived from the FRUMS Report with Navy
responsible walfunctions (Table 2.2) deleted. CRUMS data depicted Class
2 maintenance.

0o •t_._ .r t. Th'e Contractor Controllable Unscheduled Maintenance
Summary (CCUMS) Report was derived from the CRUMS Report wih Navy
controllable nmaintenance time (Figure 2.4) deleted. CCUMS data depictel
Clazs 3 maintenance.

oý_,Q . S I ep. The Scheduled Maintenance Summary DeporT was derived frcm
the raw 3-M da,.a taces. it identified scheduled maintenance c-nd support
by all three classes of maintenance.

133
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Data from these reports were put into a Standard WUC Matrix (Appendix S) and
programmed into a Standard WUC Summary Report (Appendix A). Identification of
the time frame for the FMSO data base by type aircraft and corresponding flight
hours is presented in Table 3.2.

TABLE3.2 MIMOATA BASE

AIRCRAFr TIME PERIOD MONTHS FLT HRS

A-4N DEC 75 - MAR 76 4 7,160

A-6E DEC 75 - MAR 76 4 19,802
A-.7E JAN 75 - DEC 75 12 106.225
AV-8A OEC 75 - MAR 76 4 5,944
F-4J DEC 75 - MAR 76 4 26.238

F-IJ JAN 73 - AUG 73 8 14,087

F-14A DEC 75 - APR 76 5 12,133
S-,3A JAN 75 - DEC 75 12 22,820

Selection of the two-digit WUC data base differed fron! the five-digit WUC
data base because of data availability. The 4 to 12 month data base was readily
available at the start of this handbook from a previous Vought Research and
Development study. Acquisition of a more current and larger data base was
originally planned but had to be rejected in order to insure completion of this
Handbook in a timely manner.

To verify C'hat the 4 to 12 month data base was representative of mature
aircraft in an operational environment, a correlation test was performed which
compared sample data with a larger six year data base (Table E-1 of Appendix E).
The test was made using total weapon system unscheduled MM3A/FH (WUC 11-97) as a
function of empty weight, one of the primary aircraft parameters that effects
maintenance. Results inlicate that the 4 to 12 month data base was representa-
tive of a-six year data base when taken collectively over the eight aircraft.
Figure 3.2 shows the results of this correlation.

A slightly lower degree of confidence existed at the system level where
more pronounced variations in system maintenance occur as a function of time.
However, the RFP requirements are made at. the total, weapon system level and not
at each two-digit WUC. Accuracy of system level predictions need not be exact
as long as the predictions are in the "baLipark" and their summation resulrs in
realistic weapon system estimates. The 4 to 12 month FMSO data base used
provided this required accuracy.

3.2.3 Standard Work Unit Codes

Individual aircraft WUC's were converted to a Standard WUC format based on
guidelines presented in MIL-STD-780 (Reference 14) and NAILSC Equipm,)nt Cross-
Index Program (ECIP), (R.eference 12). This was necessary to insure, an adequate

two-digit system level comparison among the different aircraft. An example of
the variat.ion in aircraft WUC systems is the Fuel Quantity Indicating Subsystem.
The A-4M, A-7E, and F-4J list the Fuel Quantity Indicatirg Subsystew in the Fuel
System (WUC 46), while the A-tE, AV.FA, -A and 3-3A 1.4.st it under Instruments
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(WUC 51) Furthermore, MIL-STD-780 lists fuel quantity under WUC 51 while ECIF
Slists it under WUC 46ý Differences such as these are resolved by using

MIL-STD-780 as preferred. Appendix B presents a Standard WUC Matrix developed
specifically for this Handbook. Standard WUC's are presented to the third digit
for the eight Navy aircraft discusz'ed in the system analysis.

The establishment of standard codes for support actions was based on
Support Action Codes defined in Reference 18. A further breakdown of these basic
codes to the third digit was made using a local command bulletin (Reference 31).
A review of the 3-M data indicates most commands are using this bulletin to
identify manhours expended in these specific categories of support type work.
All total, forty-five work unit and support action codes 1 were condensed into
thirty-two standard codes 2 . Condensed groupings were necessary to permit a valid
statistical analysis of the data.

3.3 MAINTENANCE INDEX ESTIMATING RELATIONSHIPS

The MIM uses a set of estimating relationships called Maintenance Index
(MI) equations developed through regression analysis techniques. These equa-

tions are used to determine system Class I Organizational level MMH/FH as a
function. of applicable aircraft design and performance parameters.

A statistical ranking order was used to identify those aircraft parameters
that reflect the highest coefficient of correlation and the lowest Standard
Error of Estimate(S) (References 5, 10). Parameters were selected based on
several factors: (1) the most statistically valid parameter. (2) the most valid
aircraft parameter and (3) the selection of two parameters for multiple
regression. This approach resulted in a set of equations which provided good
correlation with actual data. An example of the statistical approach for
determining MI equations is presented in the following paragraph.

3.3.1 Statistical Airframe/Fu.•elage Maintenance Manhours per Flight Hour
(MMH /FH)

Statistical Airframe/Fuselage (WUC 11, 12) MMH/FH at the Organizational
level is estimated by Equation (Eq.) 3.1. Data used in its derivation and
equation results are shown in Table 3.3.

MI = -0.2180 + 0.5692 In (WTMT) -. 0.8394 In (VMAX) Eq. 3.1
r= 0.97
S 0.17

2S = ±0.34

I . 11, 12, 13, 14, 23, 24, 27, 29, 41, 42, 44, 45, 46, 47, 49, 51, 56, 57, 62,
63, 64, 65, 66, 67, 69, 71, 72, 73, 74, 75, 76, 77, 91, 93, 96, 97, 01, 02,

03, 04, 05, 06, 07, 08, 09.

2. 11/12, 13, 14, 23, 24. 29, 41. 42, 44, 45, 46, 47, 49, 51, 56, 57, 60,
71/72/73/74, 75, 76, 0, 01, 012, 016, 02, 03C, 03D, 03G, 03S, 03Z, 04, 05.

=-- I
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TABLE 3.3 AIRFRAME/FUSELAGE ACTUAL AND EQUATION MMHI/FH

SMMHIh'1
ACrT WTMT VIAX ACTUAL. EQUATION

A-41 2&.0 0.490 1.011 1.037
A-72 10. 0.508 0.071 0.533
Av-aA 12.0 0.3.. (.041 o,55
P-AJ 30,8 1.= 2.075 1.907
P8J 19.8 0-389 1.489 1,472
P,14A 3.2 L314 1.902 2.084
S-ZA MA C.410 0.84 0.901

The following definitions are presented to provide additional insight into the
nomenclature used:

"o Maintenance Index (MI) is defined as the amount of MMH/FH for the given
system as measured at the Organizational leval.

"o Weight Emgty ,WTMT= is one of the applicable aircraft parameters for
this system as measured in thousands of pounds. Care should be taken
when solving the MI equation insuring that the proper decimal point
location is observed.

"o Maximum Sneed CVMA) is the second applicable parameter for this system
as measured in thousands of knots. Correct decimal point location must
be observed when solving the MI equation.

"o correlation Coefficient (r)_ is defined as the relative measure of
sensitivity between the dependent variable and the independent variable
as measured from 0 to I. The higher the coefficient, the closer "r"
approaches 1, the better the data fit. Some systems required numerous
regression programs to be run in order to achieve the highest "r" va- ie
possible. Values between 0.95 and 0.99 indicate a very high degree of
correlation.

"Sandard measures the average amount of
"...dispersion of the Y...[values] away from the line of relationship
between the X and Y...[variables]...3't. The standard error also serves
to measure the amount of error in an individual estimate. Assuming that
errors conform to a normal distribution, 95% of the errors would fall
within ±2 standard errors of the predicted value. Thus a 95% confidence
level can be found by using ±23 which for this example is ±O.34 MMH1/FH.

Figure 3.3 presents a complete list of the system Maintenance Index
equations developed for this Handbook. Aircraft parameter symbols listed are
defined in Table 3.5. A graphical presentation of each MI equation is presented
in Section 5.0.

The predicted value calculated by each MI equation is a "baseline" estimate
based on the maintainability characteristics of existing inventory aircraft. For
a new weapon system, a "predicte ' estimate made by the contractor should be
less than the "baseline" estimate depending on the additional maintainability
features implemented in the design. The measurement of the delta improvement is
discussed in paragraph 3.5.3.

3. H.ý L. Balaley, Littlefield, Adams and Co., o, 179.
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STO
WIJC SYSTEM MAINTENANCE INOEX EQUATIONS

I 1.12 AIlFrFAMEiFUSELAGE MI - -0.2180 + 0.5692.n rWTNI') + 0,8394 In (VMAXI
13 LANDING GEAR MI - 0.178 - 0.0241 IWTLAND)
14 rLIGHT CONTROLS MI - -0.3963 - 0.0274 (WTMT) I" 0,8036 (VMAX) 0.569 fKWING)
23 ENGINE MI -0.3960 0 0.0467 (THRUST) "+ 0.3414 (ENGQTYj
24 AUXILIARY POWER PLANT MI 0.192 (KAPU)
29 POWER PLANT INSTL, MI -0.0943 0.0059 (THRUST) - 0.1174 (ENGOTY)
41 AIR-CONDITIONING MIN -0.0717 * 0.0103 (WTNIT) + 0.0364 (WTAVIN) 0166 (KBLC;
42 ELECTRICAL MI -0.1419 + 0,0259 (WTM'T -0.0485 (GENKVA)
44 LIGHTING MI -0.2305 - 0.1652 NWAREA) +0.6472 (FUSt.EN)
45 HYDRAULICS MI - -0.1260 - 0.0066 (WTMT) + 0.3671 (VMAX)
46 FUEL MI - -0.2947 0.1148 (FUEL) + 0.6060 (VMAX)
47 OXYGEN MI - 0.034
49 MISC UTILITIES MI - --0.0275 + 0.0028 (WTMT)
51 INSTRUMENTS MI - 0.0465 . 0.2906 (WTAVUN)
56 FLIGHT REFERENCE MI = -0.0890 " 0 2182 (WTAVIN)
57 INTEG GUID/FLT CONTROL MI - -0.3225 * 0.1 783 ni (WTMT)
60 COMMUNICATIONS MI - 0.0428 + 0.0104 WTMT) + 0.0460 (WTAVIN)
71, 72 NAV/WEAPON CONTROL MI - 1.3541 , 0,8715 In (WTAVUN;
73, 74
75 WEAPON OFLIVERY MI - -0.1563 + 0.0040 (WTMT) - 0,0367 (PYLQTYI 0 082 (KGUN)
76 ECM MI - -0.0645 4- 0.0104 NWTMT)
90 MISC EQUIPMENTS MI = 0.0272 -0.0012 CWTMXTO) + 0.0491 (CREW) - 0.014 'KCHCITEI
01 OPERATIONAL SUPPORT MI - -7 9012 + 5.3533 !t (IWTMT) - 1,9394 Ir (SL)
012 SERVICING MIl- 1.3441 + 0.0046 IVWITMT) - 0.2573 (St.)
016 TROUBLESHOOT LAUNCH

AIRCRAFT MI = --3.3681 + 1 3259 In (WTCOM)

02 CLEANING MI ý 0.188
03C TURNAROUND/PREFLIGHT MI - -0,0282 + 0.0346 (WTCOM)
030 DAILY/SPECIAL MI = 2.3571 # 0.0948 (WTMr) - 1.1568 ISL)
03G PHASE MI- 0.1455 + 0.0186 (WTM•) + 0.2962 (T/W)
03S CONDI TIONAL Mi - --0.4956 + 0.0?29 (WTMT) 0.0224 IDEN)
03Z OTHER MI - -0.4068 + 0,3538 (FUSWET) + 0.5392 (T/WI
04 CORROSION PREVENTION MI - -2.6456 + 2.6493 (FUSWET) - 1.545.4 (T/WI
05 SHOP SUPPORT MI = -0.3510 + 0.3613 in IWTMT) + 0,4916 In (T/W)

Filure 3.3 Baseline 0 Level MMH/FH Estimating Relationships

3.4 FREQUENCI INDEX ESTIMATiIiG FELATIONSHIPS

In addition to the MI equations previously discussed, the -iIM uses a secord

set of estimating relationships called Frequency Index kFI) equattons. These
equations are used to determine system Class 1 MA/FH at the Organizational level
as a function of applicab.e aircraft design and performance paramete,*s. The same

• rerresslon techniques used to develop V11 ecuations were used to develop FI
equations. An example of the statistical aporoach for deter~irinn a system4"requency Index follows.

-.•1 Stati 7tical Airfran4e/Fuselaie Maintenance Actions per F]i.ght Hour (YA/Fh)

Statistical Airframe/Fuselage MA/Fh at the Crvanizational level is esti-
mated by Equation 3.2. Data used in its derivation and ec,,atiCn results are
3sown in 7a3le 3,u.

00-0.:931 + 0. 1(T in >,TXT) -- C.525 in (VXAX) rc 3.2

r z 0I71
-: 0D.02

a... !O C~

J.

L i.. ~. .... .-.- - -



-- -tl

RFV A

TABLE 3,4 AIRFRAMEJFUSELAG3 ACTJAL ANO EQUATION MAJFH

MAiPH
AC" WTW VMAX -ACUAL IEQUATION

A-AM 10.4 0.537 0.081 (.LOS
A0 25L.0 0.490 0.23 0.200
A179 I 9 0.5 0.2=u3 0.256
AV4A 12X 0.525 0.125 0.120

3i,8 1.= OC 0.341 0.3=5
19.8 G. w CL = 0. 4143

AII4A 3IL2 1.314 0.371 0.=7
S43A 2M.6 0.410 a.210 0.250

Figure 3.4 presents a complete list of the system Frequency Index
equations. A graphical presentation of each F1 equation is presented in Section
5.0. As with the Maintenance Index, the predicted value calculated by each F1
equation is a "baseline" estimate.

STO
WUC SYSTEM FREQUENCY INDEX EQUATIONS

11.12 AIRFRAME, FUSELAGE F' -0 2931 -0.1800 OAMTI) - 0 0525 n iVIAX)
13 LANDING GEAR ri - 0.1019 0ý1850 'KE)
14 FLIGHT CONTROLS Fl = 0.0112 0.1183 iVMAXI - 0 022 (K•IViNG)
23 ENGINE FI -0.0194 -0.0023 (THRUSTi - 00340 8ENGQTY

AUXILIARY POWER PLANT FI 0.037 (KAPU)
29 POWER PLANT INSTL ;I -0 0069 - 00023 THRUST) - 03028 , ENGQTY}
41 AIR-CONGITIONING F1 0.0019 0.0013 tWTMT) 0 0072(WIJTAVIIN) - 0.016 KBLC)
.2 ELECTRICAL r1 -0,0100 - 0.0027 VVTMT, 0.0092 'GE,,KVA)

44 LIGHTING FH -0.1458 -0.0333 tWAF EA) 04444 1FUSLENi1
45 HYDRAULICS F! 0.0191 - 0.036, 1VMAX)

46 FUEL F1 0.0056 , 00465 (VMAX)
47 OXYGEN F1 0.019
49 MISC UTILITIES FI -0.0036 - 0.0004 IVWTM)T
51 INSTRUMENTS FP 0.0360 - 0.0467 IWTAVUN)
56 FLIGHT REFERENCE F; - 0.0106 0.0483 (WTAVINI
57 INTEG GUID/FLT CONTROL F 1 0.0376 0 0.0201 in (WTAVUNI
60 COMMUNICATIONS F 1 0.0194 +'9.0037 (WTMT) - 0.0190 (WT4vIN)
71, 72 NAV/WEAPON CONTROL F1 0 3616 - 0 2379 LN vVT,'AVUNI
73,74
75 WEAPON DELIVERY FI -C.0087 " 0.0006 ýWTMT) , 0.0034 iPYLO]TY + 0 017 iKGUNI
76 ECM FI -- 00049 0.0016 (WTMT)
90 MISC EQUIPMENTS FI -0 0057 -0.0003 (INTMXTOI -0 0,267 ICRFIHt - 0 007 IKCHU.l)

" 01 OPERATIONAL SUPPORT a - I 8159 + 1.5686 (FUSWE'T) - 04695 (SL)
012 SERVICING Fl 1 2895 -0 4M1 n ISLI * 2970 In VMAX)

216 TROUBLESHOOT LAUNCH
AIRCRAFT F1 -0 0378 *-0.1339 WTAVUIN 0 46'',"i

02 CLEANING FH 0 397

I)3C TURNAROUNCIPREFLiGHT F 0 5305 1 130208 (WTMT) 0 13.15 'SL1

03D DAILY 'PECIAL FI -0 £132 W 7166 iFUSWVTI 7052 t

03G CHASE FI- 0025

):3S COND TiT0NAL FI 0 .3!11 +0 0561 LN W7TMT) 0 0'701 .,N ,I1EN;
J37Z O)HE1l P 0.07,6 . 00245 ýT VHI - 30074 (DEN,

,04 CC RRGOSI N PR&EVE\4TION FI 0 3948 0 31 0 it'7 tJSWET)

Sf) SHOP S'UPP.)RT - .0... 16 .013:1 (WTMT - 5 1675 T WI

Fiqure 3.4 Baseliiiu 0 LevelIMA/FH Estimatinlg Relaticnships
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3.5 MODEL OPERATION

The Maintainability Index Model (MIM) is a mathematical tool for estimating
maintenance requirements for a new weapon syrstem. Execution of the MIN is
accomplished by solving a set of index equations and general mathematical rela-
tionships. Inputs include applicable aircraft design characteristics, system
constants and contractor predictions. Outputs include MMH/FH, MA/FH, MKHiMA,
EMT/MA at 0 and I levels for a 3-M (Class 1) and FSE (Class 3) environment. A
logic flow diagram depicting the operation of the MIM is shown in Figure 3. 1. A
diucussion on model operation follows.

3.5.1 Aircraft Design and Performance Parameters

As thm physical size, performance and capability of a weapon system varies,
so does its maintenance requirements. The MIM is buil- around a set of 27 air-
craft parameters that were deternined to be the primary design characteristics
that effect aircraft maintenance. In addition, values for these parameters are
readily available during conceotual and development design phases. Table 3.5
presents a list of those parameters along with F-18A predicted values used as an
example.

Table 3.5 Aircraft Parameters

I F-18A
SYMSIOL AIRCRAFT PARAMETERS EXAMPLE

FUSWET Area, Fuselage Wetted - 103 feet2 0.840

WAREA .,rea, Wing - 103 eetT2 0.390

KAPU Auxiiary Power Unt Factor" I

KBLC Boundarv Layer Convrol F:sctor *

CREW Crewd Size
DEN Oenritv (WTMT -- FJSVOL) - ib/feet

3  
18 510

KCHUTE Orag Chute Facto.r 0
FUEL' Fuel Capacity, Irtenral 10-3 gal. 1.615

I GENKVA Generator Elect,•,,al POwer - 102 K \, A 0.80

KGUN Gun Factor*
KE KKner:c Energy 1VW7LAN(C) x VMIN

2
) - 109 b' trnoti

2  
0.348

FUSLEN Lenqtr', fusel?,' .- e 02 tttt 0.56

ENGQTY , runtin: )t Erga,• 2

PYL(ATY N unr'te o, 1 ylon ! 9

SL I ' rS e Ld.r,,)tt 1.35
VMA K SpecJ, Mar mum iK otuorale - I10. 1015 1 085

VMAIN I Sieed. M -,urr ru m ..ar r Anr,,,c:r -- 03 'U 0,130
T' THRUST Tn.'usr ,e 0i:,hr, - tO lb 16000

r/If Tt--.jr 'W..qnt P 0, 1 555

FL'SV()t ,'/,),mnt ", _. 1qp -- 10' _." 1 11: 1
VVTA'VI1t W qlr. W, Its - all.s - 0- 1 293

VVI'AV UN 11 Ve'g1 As's J''k,.r 1 060

WTCOM 'lp,, rrr2', .- 1h ' 33 u00

VYTI T Oje, phr EmrT . 1o3- 20 593

WVTLAND l . a,, 3 ... , (: 1(3 0 23. 3b 3
VVTM x'F i, qt,r I }) lru3 Ink,( i) •S) 064 'Y•

3 L E
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The first step in analyzing the maintenance requirements of a weapon system
is to complete a worksheet for the weapon system under consideration, similar to
Table 3.5, using the aircraft parameters cited therein. After that, maintenance
estimates (baseline and predicted) for each system can be determined using
techniques presented in Section 5.0.

3.5.2 System Constants

Class 1 O-level MMH/FH and MA/FH are the two maintainability parameters
determined through regression analysis techniques. The remaining parameters are
calculated using general mathematical relationships and system constants where
regression analysis techniques were considered but rejected because of invalid
correlation results and to minimize handbook complexity.

System constants are averages based on historical maintenance data concern-
ing past performance. "K...The assumption is made that the elemental activities
for a new system will closely resemble the systems for which data was
collected" 4 . That is, if a given system averages 1. 5 Men per Maintenance
Action, then the same number of men will be required for the new system.
Exceptions require maintainability documentation. Definitions of system
constants plus sample calculations follow.

Manning Raio (M.R) is defined as the average number of men required per
unscheduled maintenance action. For each system, a Class 1 MR is determined by
averaging individual aircraft Class 1 MEN per Equation 3.3.

MR MENt Eq. 3.3

n

where,

MR Average number of men per maintenance action per given system
MEN Average nuiber of men per maintenance action per aircraft

n Number of aircraft used in the ragression analysis
1i 1,2,3. n

Class 1 MR is used in the MIM to determine FMT/MA for a new aircraft as

shown by Equation 3.4

iMT/MA = MMNH/MA MR Eq. 3.4

_ is defined as the ratio of I-level MIAH/FH

to O-level MMH/FH. Individual aircraft MIIR's are summed and averaged as shown
in Equation 3-5.

i *1 *M1H/FHI

S~MIIR = q- 3.5

D. D. Gregor, Donna H.armo, Patricie A. Pate, Maintainabiliysian
- Relat!_in-hips" , p.1'0.

3-12
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where,

MM/FH = MMH/FH at 0 level

* MMH/FH0 = MMH/FH at I level

Using the Airframe/Fuselage System (Table 3.6) as an example, Class I MIIR was
calculated as follows:

INM I/ FH + MM11I1-7H + MM/It.'H + ... +H/~FH'

[/FHo *W/F'o M, o .,MMH/FHo

A-41M A-6E A-TE S-3A

0.022 + 0.043 + .5 .+ .. + 0.050
0.00 1.022. 1.07137

0.055 + 0.042 + o.i14i ...+ + 0.060

Class 1 MIIR is used in the MIM to determine I-level MMH/FH for a new

system design as shown by Equation 3.6.

MMH/FHI :MMH/FHO X MIIR Eq. 3.6

Frequency Index I Leyel is defined as the ratio of I-level MA/FH to
O-level MA/FH. Individual FIIR's for each aircraft are summed and averaged per
Equation 3.7.

MA/FHI

,. I MA/Floi

FIIR Eq. 3.7
S~n

Using the Airframe/Fuselage System as an example, Class 1 FIIR was calculated to
,e 0.C7.

Class 1 FIiR is used in the MIM to determine I-level MAFH for 3 i'ew system

using Equation 3.6.

AA. FHI MIA/FH 0 X "FR EQ. .R

3-13
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e is defined as the ratio of. Class 3 O-level
iMMH/FH to Class I -level , "1 't /FH. * t identifies that portion of Class 1 mainte-
r, cc considered contractor controllable through design. A M-DR is determined
[for each system by summing and averagmg the individual aircraft MIDR's per
Equation 3.9.

n' Class 30 e-vel Mffi/FH

Class I O-Level MMR/FN

MI DR - Eq. 3.9
n

Using the Airframe/Fuselage System (Table 3.6) as an example, MIDR was

calculated as follows:

",0 + M/FH3,0

A-AM A-6E S-3A

0.200 + 0.524 + .... + 0.374

0.50 • 0.52 + .. + 0.45

0.54

The MIDR is usec to determine the Design Maintenance Index scale for the MI

graphs of Section 5.0.

•LL~uen1y Index Defeti__• l.Q1_ is defined as the ratio of Class 3 O-level

MA/FH to Class 1 O-level MAiFH. It identifies that portion of Class I mainte-
nance actions classified as Design Induced Malfunctioni. A FIDR is determined
for each system by summing and averaging individual aircraft FIDR's per Equation
3.10.

Slass 3 0-Level MAFH

SClass I O-Level MA/FH

FLDF -: Eq. 3.10
n

315
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Using the Airframe/Fuselage System as an example, FIDR was calculated to be
0.79. This means that 79% of the reported 3-M data is considered contractor
ccntrollable through design. The remaining 21% is primarily attributed to no
defect, cannibalization and missing fastener maintenance actions and is
considered Navy controllable. The FIDR is used to determine the design
Frequency Index scale for the F1 graphs of Section 5.0.

3.5.3 Technology Improvement Index

"Maintainability estimating techniques must be responsive to design
technology advancements as well as design parameters and historical maintenance
data' 5 . The MIM calculates baseline maintenance requirements reflecting
state-of-the-art technology and its corresponding R&M effort. The model is also
receptive to advances in design technology. Inherently, an increase in aircraft
performance results in an increase in maintenance requirements. To minimize or
reverse this trend, greater emphasis must be placed on R&M through technology
improvements. This relationship is shown in Figure 3.5.

I Z "/

5
z

z

TECHNOLOGY IMPROVEMENT - ?.

Figure 3.5 Mairntenance Requirements (Rea. 19,

Engineering improvements wnich reduce oaintenance resources and frequency
of ,.wintenance in a new design are measureJ ty ths Technology Inder (TI). Using
data from the MIM and predictions made by t",• contractor, e, Technology Index can
be calculated for each system per Equation 3.11.

IEMMH/FH - PMMI/FH Eq. S.11

TI { BMH /FH X 100%

wh ere,

T! = -tecbology :mprovem,-it Index

PMH/FH = Predicted ,*4H/FH
Easelne YH/!FH

~~ p p 2 '-
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Using the Airframe/Fuselage System as an example, Class I O-level MMH/FH
Technology Index for the F-18A was found to be 53%.

TI fIx 100% = 53%

where 0.746 is the 3-M equivalent MMH/FH of the contractor's pred..i•ited 0.403
value. (Refer to Section 5,0, paragraph 5. 1.3 for additional infirmation.)
This indicates that the contractor predicts the F-18A Airframe/Fuselage System
to be 53% better than a comparable state-of-the-art design. Substantiating
documentation for achieving this predrction should be presented through
qualitative maintainability feasures in the contractor's proposal.

Technology Indexes for MA/FH, EM2T/MA and MMHi/MA are determined in similar
fashion and are discussed in Section 5.0, paragraph 5.1.3.

3.6 MODEL VALIDATION

The purpose of the MIM is to .etermine the maintenance requirements for a
given sized aircraft as a function of design. The model was designed to be
Lndependent of system maintenance oeculiaritiee unique to i given aircraft.
Ground rules for a system regression analysis permitted excluding those aircraft
which exhibited abnormal maintenance. If a satisfactory regression analysis
could not be obtained using all eight aircraft, those aircraft in the minority
wpre deleted fr•om the system analysis. To include them would have distortod the
trend for a majority of the aircraf;, lowered system regression correlation ano
decreased the effectiveness of the model. The relationship between design, and
maintenance would be degraded.

An effort was made to determine why certain aircraft exhibited higher or
lower reported maintenance than the resultant calculated value. These findings
are noted in Sectiosh 5.0 whien available. Urfortunately, not all cases could be
resolved because of insufficient data.

Validation of the MIM was made at both the zystum and wcapon system level
using the parameters •5M/FH, MA/FH and ENT/MA. Individual syst-m validation is
pre.ened in Secticn 5.0 by two-digit WUC. Most all ryste,is 3xhibited .,orrela-
tion coefficients in the high 90's indicatina excellent data iorrelatiir,. Total
weapon system vali.dation ij shown in Table 3.7 and Figure 3.6. Reslilte show zo,)d
correlation between actual and calculated data with the model slightly under
predicting baseline aircraft maintenance,

4
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* : TABLE 3./ MOEL VALIVTION - CLASS I HAINThEAA4C,

TOTAL UNSQCIEDULE0 0-LEVEL

mm9/ FH mt.m ____ EK MAIRCRAFT -t-
______ ACT ICAL ACT CAL ACT CAL ACT CAL

-~~~ -.. ...-.--I
A-04 14.8 J14.6 4.1 4.2 1.0 1.0 2.1 2.1
A-E 29,7 30.2 8.5 9.1 2.0 1.9 2.2 2.4

A-7E 25.0 23.2 7.2 7.0 1.6 15 2.2 2.3
AV-8A 23.1 b20.1 6.4 4,8 1.4 %1 2.4 2.2
F-4J 40.7 38.3 14.2 12.6 2.4 2.3 3.0 2o .

F-J 3S.3 26.4 10.4 8.1 2.0 15 2.6 2.6
F-14A 52.2 45,7 18.2 15.1 2.9 2. .6 2.9
S-3A 28.0,U 30.5 9,8 10.4 2.5 2.3 2.2 Z .3

so
/F-14A

45 --

40

/F-044
= 35

S3 F-WJ
300 A-3A

20

15 -
A-,

21c

15

"I f IL

.5 10 15 20 25 30 3S 403 45 W0

ACTUAL MW/FH

FTRE, 3,6 MVLOEL VALIOATWIN - (,USS I TOTAL AIRCRAFT "/N1:~I
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5.0 SYSTEM ANALYSIS

This section of the Handbook presents the methodoloc-y and techniqueo used
to evaluate a contractors quantitative maintainability predictions at the
two-di.git WUC level. In addition, the user can apply these techniques to
establish system goals and total weapon system requirements by specifying
desired design technology improvements.

The Handbook is arranged n•imerically with Standard Work Unit Codes 11-90
identifying aircraft 'systems and Standard Support Action Codes 01-05 Identi-
fying support action tasks. For the sake of continuity, the term system is
defined to include jupport action tasks and the term WUC is defined to incljude
Support Action Codes.

The methodology used to evaluate the maintenance requirements of a new
weapon system encompasses using hi3torical data, regression analysis tech-
niques, graphical techniques, contractor predictions and an evaluation
worksheet. For each system, a serie5 of tables and figures consistent in title
and numbering are presented. To aid in understanding the methodology
presented, the F-18A contractor predictions (Reference 8) are included as an
example. Where F-18A predictions are not available (i.e. support actions),
basseline values are shown. A brief discussion on the content of the tables,
graphs and worksheet follows. Refer to the Airframe/Fuselage System, paragraph
5.1, for sample formats and a more detailed explanation.

o TUO-DIGIT WUC MAINTENANCE DATA SUMMARY (TABLE 5.1-1)

This table contains historical maintenance data extracted from Appendix A
and used in the system analysis. Data is broken down into two classes of main-
ten.ance and two levels of maintenance for five parameters. All total, 22 quan-
titative vaJues are shown which describe the basic maintenance requirements of
these aircraft. When the two-digit evaluation for a new system is completed,
the information provided in this section wi;.l enable its user to generate -
similar set of 'alues.

o~ HEGRESSION ... NALYSIS SUMMARY (TABLE 5.1-2)

TI-i3 table summarizes the results of a regression analysis program used to
correlate aircraft lesign and performance characteristics with historical main-
tenance data. For each sy',t#m, or group of systems, one or two applicable
design/performance parameters were correlated with Class 1 0-level V4MH/FH
(Maintenance Index). A similar treatment was performed for Class O-level
MAIFH (Frequency Index). Statistical parameter results are included for each

*• index equation.

- .
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0 SYSTEM MAINTENANCE INDEX GRAPH (FIGURE 5.1-l)

The Maintenanze Index (MI) graph shows the relationship between baseline
and predicted O-level MMH/FH requirements for a given design. The baseline
curve was developed from the regression equation presented in Table 5.1-.2 using
graphical - techniques. The advantage of the graph is that it converts an
abstract equation into an easy to understand visual picture. The sensitivity
of system maintenance J.s shown as a function of aircraft speed, weight, thrust,
etc. Each graph has two MM/FH scales. The upper scale called Design MI
identifies Class 3 maintenance. The lower scale called 3-M MI identifies Class
1 maintenance. Conversion between the two scales is determined through the
Maintenance Index Defect Ratio which is unique for each system. Solution of
the graph enables the user to (1) identify the minimum acceptable maintenance
expenditure for the given design as measured in an operational environment, (2)
convert contractor predicted MMH/FH to a 3-M equivalent and (3) identify the
predicted improvement or degradation over a baseline design. See paragraph
5. !.1 for a more detailed explanation on the procedure for evaluating a system
Maintenance Index.

o SYSTEM FREQUENCY INDEX CRAPH (FIGURE 5.1-2)

This illustration is similar to the Maintenance Index graph axcept MA/FH
is plotted inetead of MM/FH. See paragraph 5.1.2 for details.

o WORKSHEET FOR EVALUATING SYSTEM MAINTENANCE REQUIREMENTS (FIGURE 5.1-3)

This worksheet i- used in evaluating system quantitative ma atenance
estimates for a new design. To simplify use of the worksheet, it is divided
into three par,ýs. Part I calls for RFP response data. From the contractor's
maintainability proposal, the user must extract predicted MMH/FH, MA/FH (or
MFHBMA) and EMT/MA estimates by two-digit WUC at 0 and I levels. In addition,
desikn/psrformance par',Lmeters applicable to each system are required. To
simplify this task, the user may request the contractor submit a list of
desigr/performance parameters (Table 3.5) in his maintainability proposal

Svolume. Pari. I identifies system constants applicable to each system.
Baseline constants were determined from the system historical data base.
Predicted constants must be determined using contractor estimates.

Part II of the worksheet presents the system analysis evaluation proce-
du.'e. The methodology shows how each maintenance parameter can be calculated
for baseline and predicted criteria plus identification of technology improve-
rment factors. Full or partial completion of this part of the worksheet is left

, to the discretion of the Handbook user. All, o just a few parameters can be
calculated depending on the depth of analysis !quired. See paragraph 5.1.3
for a more detailed procedure on the calculation of system maintenance require-
ments. The net output from thiL worksheet will answer the following questiors:

1. Are the contractor's estimates in the "ballpark"?
2. How much maintainability improvement, in percent, is the contractor

predicting?
3. Do qualitative maintainability features presented in the contractor's

proposal substantiate these estimates?

.• 5-2
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5.22 OPERATIONAL SUPPORT - WUC 01

Selected Parameters: Weight empty, sortie length, and fuselage wetted area.

.umber of Regression _quations Run: 7

Parameters Considered and Rejeletet: Weight combat 'and weight maximum takeoff.

Comments: Support Action Code 01 accounts for the largest expenditure of

reported aircraft maintenance. Approximately 70% of Class 1 Support MMH/FH and
27% of Class 1 Total Aircraft MMH/FH is reported against this code. Operational
support is generally considered a Navy responsible task because of the numerous
routine ?nd repetitive sub-tasks performed under code 01. OPNAVINST 4790.2A
(Ref. 18) does not breakdown code 01 to the 3rd digit. However, a review of the
data indicates most commends are using a three-digit code breakdown published by
CCMNAVAIRPAC (Ref. 31):

Operational Support (010) MYanning Standby Aircraft (015)
Ground Handling (011) Troubleshoot Launch Aircraft (016)
Servicing (012) Inertial Navigation System (017)
Mission Configuration (013) FOD Walkdown (018)
Ground Safety (014) Other (019)

From a contractor's standpoint, only two of these sub-tasks are considered
design related: Servicing (012). and Troubleshoot Launch Aircraft (016).
Additional data on these sub-tasks is provided in paragraphs 5.22.1 and 5.22.2.

Weight empty, sortie length and fuselage wetted area were the design
parameters selected by the regression analysis program as having the greatest
effect on Operational Support. For the Maintenance Index equation, the
relationship was directly proportional to weight empty and inversely
proportional to sortie length. For the Frequency Index equation, the
relationship was directly proportional to fuselage wetted area and sortie
length. Fighter aircraft required more maintenance (support) than attack
aircraft because of their design characteristics as illustrated in Figures
5.22-1 and 5.22-2.

The A-7E and F-8J were eliminated from the regressi.on analysis because of
unsatisfactory regression correlation. To include them would have distorted the
trend for the majority of the aircraft.

Completion of codc 01 index graphs requires the user to complete Part I of
Figure 5.22-3. Data for this worksheet must be extracted from the Servicing and
Troubleshoot Launch Aircraft worksheets.

5-129
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REV A

WUC: 01 SYSTEM: OPERATIONAL SUPPORT

MAINTENANCE INDEX ESTIMATION - M4H/FH 0 LEVEL

3M MI WEIGHT EMPTY SORTIE LENGTH
ACFT - - - ERROR X 10 L8S HOURS

WACTUAL CALCULATED (WTMT) (SL)

A4M 3.705 3.785 -. 080 10.4 1.550
A6E 8.012 8.368 -. 356 26.0 1.830
AV8A 5.511 5.307 .204 12.0 1.050
F4J 9.530 9.823 -. 293 30.8 1,380
F14A 11.075 10.738 .337 38.2 1.560
S3A 7.938 7.751 .187 26.6 2.680

STATISTICAL PARAMETERS:
REGRESSION EQUATION ml a -7.9012 + 5.3533 !r, (WT?4f)

-1.9394 In (SL)
CORRELATION COEFFICIENT r a 0.9942
STANDARD ERROR OF ESTIMATE S a 0.4098
CONFIDENCE LEVEL, 95w 2S - t-O.8196
NUMBER OF OBSERVATIONS N w 6

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL
n - -n -m,~a n

3M Fl FUSELAGE W 'TTEý SORTIE LENGTH
ACFT -- ERROR AREA X 10 FT HOURS

ACTUAL CALCULATED (FUSWET) (SL)

A4M 3.057 3.308 -. 251 .487 1.550
A6E 3.754 4.253 -. 499 1.006 1.830
AV8A 3.587 3.158 .429 .541 1.050
F4AJ 3.817 3.896 -. 079 .913 1.380
F14A 5.230 5.132 .098 1.647 1.5s0
S3A 4.950 4.649 30• 1.004 2.680

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI a 1.8159 + 1.5686 (FUSNET)

+0.4695 (SL)
CORRELATION COEFFICIENT r 0.9110
STANOAPO FRROR OF EST"IMAE S - 0.6028
CONFIDENCE LEVEL, 95" 2S - +1.2056
NUMJBER Oc OBSERVATIONS N = 6

5-131

I . . . . .



REV A

- --- -

I A'

A_ __ l

=6

~10,

I -4:i W

At 1C3p** ~

jf-4

-JI 2S2 1<0
I cmI

4D

C 4%

52-132,~ ~



REV A

-,7

-7 c

ýZ-, H

4D
7 C~j£

3.A
. . . . . . . .

7-.

-- 3NI1

3 MU 1 3H 1 t 7

::-I- .z7:

aa

U.U

a ca
'U

4 -4

L :7

it.7



REV A

WUC: ~-- - CONTRACTOR:

VSYTEM: -~±A O AIRCRAFT MOOEL;.......

PAR r I CONTRACTOR CATA
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MEN 0  AVG NO, PAEN 0 LEVEL
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5.22.1 SERVICING - WUC 012

Selected Paramers: Weight empty, sortie length, and maximum speed.

Ngg__ ge on Ecuations Run: 8

aarajmtersConsidrred and Relected: Thrust/weight ratio, weight combat, and
weight maximum takeoff.

L e : Empty weight, sortie length, and maximum speed were the three design
parameters selected by the regression analysis program as having the greatest
effect on servicing.

Analysis showed that sortie length was a significant driver of servicing
maintenance. Index graphs for both MI and F1 equations show a negative slope
indicating servicing maintenance is inversely proportional to sortie length.
Aircraft with higher sortie lengths exhibit lower MI and F1 values. For
example, doubling the AV-8A sortie length from its current 1.05 hour average to
2. 10 hours would reduce the MI 23% and the ?I 30%, respectively.

A Maintenance Index Defect Ratio (MIDR) of 0.67 was established based on an
analysis of A-7A and F-I14A demonstration data. The analysis indicates that 67%
of the 3-M reported servicing time is design related. Since all servicing tasks
are considered design rzlated, Frequency Index Defect Ratio (FIDR) = 1.0.

The F-8J and F-14A were eliminated from the MI regression analysis because
of unsatisfactory regrossion correlation. For the F1 analysis, the F-8J was
omitted. Actual MI and F1 values exceeded the norm.

,4i
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TABLE 5.22.1.2 REGRESSION ANALYSIS ,,,:", ,A Y
REV A

WUC: 012 SYSTEM: SERVICING

MAINTENANCE INDEX ESTIMATION - .4MH/FH 0 LEVEL

- I3m MI RO WEIGH EMPTY SORTIE LENGTH
ACFT ER-- X 10' LBS HOURS

ACTUAL CALCULATED (WVMT) (SL)

A4M .955 .993 -. 038 10.4 1.590
A6E 1.022 .992 .030 26.0 1.830
""7E 1.033 .986 .u47 18.9 1.730
AV8A I1.136 1.129 .007 12.0 1.050
F4 J1.100 1.130 -. 030 30.8 1.380
S3A .7O .776 -. 016 26.6 2.680

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI - 1.3441 + 0.0046 (fJMTkq)

-0.2573 (SL)
CORRELATION COEFFICIENT r x 0.9672
STANDARD ERROR OF ESTIMATE S 0.0058
CONFIDENCE LEVEL, 95% 2"IS tO.0116
NUMBER OF OBSERVATIONS N

FREQUENCY INDEX ESTIMATION - I4A/Fio 0 LEVEL

3M FI SORTIE LENWT! M4AXIMUM SPEED
- A(;' -" ERROR HOURS X 103 KNOTS

ACT•AL CALCULATED (SL') (VrAX)

A4M 1.010 .913 1.57 1.550 537
A6E .655 .813 1...18 1.830 .490
A7E .713 .847 -. 134 1.1730 .506
AV8A 1.140 1.077 C63 1.050 525
F4J 1.208 1.210 I -. 002 1.380 1 230
F14A 1.190 1.176 .014 1.560 1.314
S3A 102 .593 .119 2.680 .410

STATISTICAL PARAMFTERS:
lREGRESSION EQUATilN F !, 1.2895 - 0.4281 In ('L)

+-0.29/0 In''$AA).
-ORRELATIGN COEFFIcTE'iT r 0.8975-
STANCARD ERROR OF S7:• ,Al':F S 0.0707" CDNFIDE~h.. K/E' • 2$ l-.141C' 01_iF I C E L ... ...... ..o.1414-

1'lUMBER ( F 7,3SE•VA2 7
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wu:CO N R ACTOR:-
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PREV A

.22.2 TROLULESHOOT LAUNCH AIRCRAFT WUC 0 16

We ight combat, weight avonicrs installed, andi • 7rust lweigtit ratio.

4

ad 2 r BRejegt-e: Weight ampty, weight maximum takeoff, andS;•~ett ed ar'ea.

;• •: Support *ub-task Troubleshoot Launch Aircraft is considered design
relat•ed since it is a function of equipment reliability and fault isolation
ability. Combat wejight, installed avionics woight and thrust/weight ratio were
the parameters selected as having the greatest Impact on this task. Rewression
analyils results axe shown in Figures 5.22.2-1 and 5.22.2-2.

The A-6E, All-8A and F-l4J wert deleted from the regrtession analysis because
actual M.V/FH and 1.iA/FH values were much lower than calculated values. A
correlat)on between aircraft design and maintenai:ce expenditiro was not shownIfor these aircraft.

114
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I AW ýh4L4. R. iURE5SION ANALYSIS SUMMARY
REV A

WUC: 016 SYSTEFM.: TROUBLESHOOT LAUNCH A/C

MAINTENANCE INDEX ESTIMATION - 'MMH/FH 0 LEVEL

3M MI WEIGHT COMBAT
ACFT ERROR X 13• LBS

_ _ ACTUAL CALCULATED (WTCOM)

A4M .406 .434 -. 028 17.6
AlE .814 .947 -. 133 25.9
FBJ 1.158 .992 .166 26.8
F14A 1.749 1.805 -. 056 49,5
S3A 1.513 1.462 .051 38.2

STATISTICAL PARAMETERS:59l WCM
REGRESSION EQUATION MI = -3.3681 + 1.3259 In (WTCOM)

CORRELATION COEFFICIENT r = 0,9773
STANDARD ERROR OF ESTIMATE S " 0.0518
CONFIOENCE LEVEL, 95% 25 = 01036
NUMBER OF OBSERVATIONS N 5

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M Fl WEIGHT AVIONICS THRUST/WEIGHT
ACF -ERROR INSTALLED RATIO

ACUAL CALCULATED X 10 LBS (WTAVIN) (T/W)

A4M .576 .547 .029 .612 1.076
A7E .486 .513 -. 027 1.347 .793
"F14A .860 .881 -. 021 3.039 1.094

. S3A .873 p854 .019 4 223 .697

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI = -0.0378 + 0.1339 (WTAVIN)

+0.4577 (T/W)

CORRELATION COEFFICIENT r" 0.9898STANDARD ERROR OF EST7MATE S - 0.0024

CONFIDENCE LEVEL, 95ý 2s tO.C0401
NUMBER OF JBSER'VATON" 1 4

5 5-I13
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SYSTEM:-. a AIRCRAFT M'ODEL..,

PART I CONTRACTOR DATA

C.ONTRACTON PRIDEAlC11ole
CLAN 3 019SIGN MAAANT, AEC. PART if SYSTEM CON~STANTS

ML or MM4j4' MA/ MMM/MA LZMT/MAPAMTI S RE
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____________ 4&N I AVG NO,. MEN -I1 LEVEL

OESGNWIFPRPORMANCU PkAH*~T1R3 M R MMH/PM I LEVEL, RATIO .00
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5.23 CLEIING - WUC (,2

SI$ 2c. Paramet=en Index costants wore established for Cleaning.

~ ~ns Bun: 0

;AMV=,;,: Aircraft Cleaning is considered a 4Ia&vy responsible support action
task Randomness of the Jata prevented a satisfactot- regression analysis frcm
being performed. A.z , result, index constants were established.

A Mmtintenance Index of 0.188 MMH/FH was determined by averagirg Class 1
O-level MM/FH. A Frequency :ndex of 0.0ý7 MA/Fr was lutermined by averaging
Class I O-level MA/FH. Given these two constants, the remaining Cl&ss 1
baseline parameters can be calculated. Results are shown in Figure 5.23-1.
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5.24 INSPECTION - WUC 03

Support Action Code (WUC) 03 ide.ýi,•fiss =aintenance expended foý' Scheduled

aircraft inspections. A further breakdown to the third and subsequent digit
proved to complicated because of the nu•crcua types of inspections reported and
the manner in whi.ch they were docu..entod. instead, a grouping of 03 coded data
by Type M-jintena me Codes was select •d.',

S';A.DAYRD TYPE MAINT.
~L?¶~1LQ~CODE

Turnaroun,/?reflight 0 C
Daily/Spet -l 0. J) l MN, N

Phase 03r G, J, K, P, 0
Conditiona., 03S S
Other 03Z A, E, F, L, T, U

5.24.1 7JRNARWUID/PREFLIGHT INSPECTION - WUC 03C

Jt .Q +_qIIaL: Weight combat, weight empty, and sortie length.

gNgflb 6

?ara~meters Consider and eiecte: Weight maxizum takeoff

•Q2P.jnts: Turnaround/Fref light Inspection is considered a design related support
action tazk (FIDR = 1.0 and MIDR = 0.67). Data repurted under Standard Work
Unit Code (SWUr) 03C is grouped by Support Action Code 03 (Inspection) and Type
Maintenance Code C (Turnaround, Preflight Inspections).

Regression analysis showed that combat weight, weight emipty and sortie
length had the greatest effect on this task. As expeoted, largea, aircraft with
moi'e surface area required more turnaround and prefl.ht scheduled maantenance.

The A-6E and F-8J were excluded from the FI regression analysis because cf
low regression correlation. Actual values for both aircraft were about 27%
below the norm. Specific reasons for this could not be deterisned ýsirg the
data.
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TABLE 5.24.1-2 REGRESSION ANALYSIS SUMMARY

:_-'R REV k m

WIUC: 03C SYSTEM: TURNAROUND/PREFLIGHT INSPECTION

MAINTENANCE INDEX ESTIMATION- MMH/FH 0 LEVEL

3M4 MI WE1GI1T COMBAT

ACFT F--------- - ERROR X 10 LBS
ACTUAL CALCULATED (WTCOM)

A0M .593 l C,310 .013 17.6
A6E 1.615 -. 545 .070 45,5

A7E .756 .867 -. 111 25.9
AVBA .826 .646 .180 19.5
F4J 1.428 1.411 .014 41.7
FaJ .679 ,898 -. 219 26.8
F14A 1.612 1.683 -. 071 49.5
S3A 1.417 1.-93 .124 38.2

STATISTICAL PARAMETERS:
REGRESSIO:' EQUATION MI -0.0282 + 0.,0346 (WTCOM)

CORRELATION COEFFICIENT r 0.9554
STANDARD ERRJR OF ESTIMATE S 0.1188
CONFI07NCE LEVEL, 95v 2S tO.2376
NUMBER OF OBSERVATIONS N 8

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI WEIGHT EMPTY SORTIE LENGTH
ACFT - ERROR X 100 LBS HOURSACTUAL CALCULATEO (WTT)

A4M .1- -. t -I0.n,1.5

A4M .591 .537 .054 10.4 1.550
A7E .554 .690 -. 136 18.9 1.730
AV8A .641 .638 .003 12.0 i.050
F4J 1.069 .985 .084 30.11 1.380
F14A 1.074 1.115 -. 041 38.2 1.560S3A . 757 .721 ,036 26.6 2. 680

STATISTICAL PAiAMETERS:
REGRESSION EQUATION F: - O.5305 + 0.0203 (WTMT)

-0.1358 (SL)
CORRELATION COEFFTCIET r = 0.9417
STANDARD ERROR OF %STIMATE S 0.0313
-0NFIQENCE LEVEL, 95% -0.0626

""MBER OF OBSERVATIONS - -

L!I

--}--~ ------ _ _ _ _
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[ sYST~~~AIRRAF MODEL: _________

PARiT I CONTRACTOR DATA

CtWJTRACCMI PNfOICTWN013-
- -- CLAW~ 3 0ISION MAANT. quo. PART 11 SYSTEM CONSTANTS

M&H(b M A/ýA Itl 1 1MMM/*'A sMr/MAA PARAMCTIR - [ BAS S PN119

N4WNQ A,/C NO. MEN -- 0 LEVEL

m 9;"1  AVG NO. MEN - I LEVEL,

- l3jfR0KkI3 PAAMR MIIR kMM/FM I LEVEL PAATIC .0

l~MAiFH ILEVEiL RAT;O .-00

iMPqO VfEM NT
CL4r CLAS 1 066 ACATONI

3-Mt DATA 3.M DATA (c)
IPlARAMETAR CALCULATION (A)-

lMIH %AI~ i~NOEX CRAPH /

1 - -

MaFHRIa. INOX GRAPH . .. X

SAZEULNE J

EMI/M I 9C ~F

MMNMA 0vE0

X7
Mb4/9. 16 Rm~HxWpZ Z

'77 77 7 7r 7

r, Ir
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5.24.2 DAILY/SPECIAL INSPECTICN - WUC 03D

•_• •_._ : Weight empty, sortie length, wetted area, and
thrust/weight ratio.

umbar of Re2ressjon EQuations Run: 10

Paramet•er nsider-d and a ijj_, i ',a ! : Maximum speed, weight combat, and weight
maxilmum takceoff.

C: Daily/Special Inspection 1.s considered a design related support
action task. AlI maintenance actions reported against this code are the
responsibility of the contractor (FIDR 2 1.0), while only 67% of the maintenance
time is contractor controllable (MIDR = 0.67). Dat: reported under SWUC 03D is
grouped by Support Action Code 03 (Inspection) ana the 7ollowing Type Mainte-
nance Codes:

D Daily/Postflight, Daily Special Inspection
M Hourly Special Aircraft Inspections
N Cycle/Event Special Aircraft Inspections

The highest maintenance expenditure for schedulod aircraft inspections in
this grouping was reported for Daily/Special Inspections. MI values from 1.4 to
4.0 MNH/FH were reported in the data base.

The Maintenance Index regression analysis was found to be directly pro-
portional to weight empty and inverseky proportional to sortie length. The
Frequency Index equation was found to be dizectly proportional to fuselage
wetted area and thrust/weight ratio.

The A-4M and F-8J were d.leted from the Frequency Index regression analysis
because of un&atisfactory correlation. Actual values for both aircraft exceeded
calculated values by a factor of two. Average inspection time measu. ed in
MMH/MA was much lower for these aircraft than the other aircraft.

.. 5- 5•
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TABLE 5.24.2-2 REGRESSION ANALYSIS SUMMARY
REV.A

WUC: 030 SYSTEM: DAILY/SPECIAL INSPECTIO

MAINTENANCE INDEX ESTIMATION - MMH/FN 0 LEVEL

3M MI WEIGH] EMPTY SORTIE LENCTH
ERROR X 10 LaS HOURS

ACTUAL CALCULATED (WTMT) (SL)

A4M 1.445 1.550 -. 105 10.4 1.550
A6E 3.061 2.705 .355 26.0 1.830
AlE 1.894 2.148 -. 254 18.9 1.73C
AV8A 2.397 2.280 .116 12.0 1.050
F4J 3.678 3.682 -. 004 30.8 1.380
F8J 2.683 2.662 .021 19.8 1.360
F14A 4.038 4.175 -. 137 38.2 1.560
S3A 1.788 1.780 .008 26.6 2.680

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI w 2.3571 + 0.0948 (WTMT)

-1.1568 (SL)
CORRELATION COEFFICIENT r a 0.9802
STANDARD ERROR OF ESTIMATE S = 0.2348
CONFIDENCE LEVEL, 95% 2S a +0.4696
NUMBER OF OBSERVATIONS N - 8

z-

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

214 FI FUSELAGE W 'TTEP THRUST/WEIGHT
SACFT -ERROR AREA X 10O FT• RATIO

ACTUAL CALCULATED (FUSWET) .(T/W)

A6E .689 .712 -,023 1.006 715
A7E .502 .583 -. 081 o749 93
AV8A 1.110 1.102 .008 .541 i.i41
F4J .981 .961 .020 .913 1.162
F14A 1.415 1.439 -. 024 1.647 1.094
S3A .797 .698 .099 1.004 .697

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI - -0.5131 + 0.7166 (FUSWET)

+0.7052 (T/W)
CORRELATION COEFFICIENT r v 0.9829
STANOARO ERROR OF ESTIMATE S a 0.0179

* OONFfDE:CE LrVEL, 95 2)S a to.0358
NUMBER OF ,6SERVATIONS N = 5

I. - __ 5-
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REV A

s'ys7E:.ŽZ.! ~ AiRCRAFrT MODEL.

PART I CLUNIPACTCROATA

CLA32 3 OISICN MAItJT. REM, PART 11 SYSTEM CONS-7AC~S
r&F1;A- --- 7r7TIr _M/F _ A.I

EE H : MN 0  AVG NO. 0.1EN - 0 LEVEL

-MINI AVG N,4. MEN - ILEVEL.

MOIR MMHI!:H I ',VIL RATIOT0 "

FflI' MA/F)H I LSVFL FRA'ricc

RAiIT III S-vS75M ANALYSIS

MIONIOANON

3MAA FA CI
~~c~i LC~U~At'0NA) 77

I AI SIIIUNI!/

P5ao5iELDNf EQ NOX A /,</ //

1d ý _____

""MH'4A 'M - /

,w ~ -- ~~- __ 7/,~7
(41__

IS)7

MA~'R ý71l /
I71,1 1/7 '77,177--

x~

MAI," (4~

t7ZIL2~.7',
lmI..eLueuwb~ ~.r.*a~.& ., a r. j ~ ~ w...tnwr .a~ am a'777a

777-7
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5.24.3 EHASE INSPE.CTION - WUC 03G

. Weight empty and thrust/weight ratio.

•_..EouW.,at_.: 6

e A1r %de _ Sortie length, weight combat, density, and
weight maximum takeoff.

. • Phase Inspection is a design related task addressing the look phase of
on-aircraft scheduled maintenance. Data reported under this standard WUC is
grouped by Support Action Code 03 (inspectlon) and the following Type Mai:;te-
nance Codes:

G Phased Inspection
J Major Engine Inspection
K Special Engint Inspection
P Calendar Odd Inspection
Q Calendar Even Inspection

Regression analysis for the Maintenance Index equation showed that -weight
empty and thrust/weight ratio were the most statrctically vali.d design
parameters, Larger aircraft with higher thrust egines tend tu require rore
scheduled maintenance.

Two aircraft were deleted from tne MI regression analysim rir the fc~iowing
reasons. The S-3A was excluded because actual MMH/FH was some bQ% les. than :he
calculated value. Good maintainability design features in the TF-34 engine are
noted by an average repair time of leos than 15 MJ4MH/MA. The F-3J was excluded
benause actual MMH/FH ws3 more than twice the calculatý v-.iue. Excessively
higa repair time of almost 80 MMH/MA was reported for this older engine.

A Frequency Inaex constant of 0.025 MA/FH was established by averairing
Class I O-level M./FF data. Regression analysis for F1 proved unsatisfactory
because all aircraft exhibited about the same MA/FH value.
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TABLE 5.24.3-2 RECRESSION ANALYSIS SUMMARY REV A

WUC: 03G SYSTEM: PHASE INSPECTION

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

3M MI WEIGHT EMPTY THRUST/WEIGHT
ACFT a ERROR X 103 LBS RATIO

ACTUAL CALCULATED (WThT) (T/W)

A4M .645 .658 -. 013 10.4 1.076
A6E .980 .841 .139 26.0 .715
A7E .621 .732 .411,1 18.9 .793
AV8A .914 .884 .030 12.0 1.741
F4J 1.063 1.-062 .001 30.8 1.162
F14A 1.133 j1.180 -. 04,7 38.2 1.094

STAT ISTICAL PARAMETERS.
REGRESSION EQUATION MI 0.1455 + C.0186 (WTMT)

+0.2962 (T/W)
CORRELATION COEFF CIENT r 0.9210
STANDARD ERROR OF ESTIMATE S 0.0349
CONFIDENCE LEVEL, 95% 2S tO.0698L NUMBER OF OBSERVATIONS N - 6

FREQUENCY INDEX ESTIMATTON - '!A/Fl 0 LEVEL

3M FI
ACFT .. .ERROR

ACTUAL CALCULATED

NOT APPLICABLE

STATISTICAL )ARAM'ETE.R-S
RE" RESSC"- EQUAT1ON T

:'2 RRLATCN CCEN .rCIDT
STýlQ4ARD ,_IRO R C ES,:'AT E

ElJ ... .,, " E EL, •£
lUMBER OF 7T SEC: .N:T I

S5- 16,4
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R~EV A

W UiC. _ 'Z__"CO TRCIONRACTOR: _
SYSTEM:- T. ___________AIRCRAFT MODEL;..

PART I CONTrRACTOR L)ATA

COMTRACT0111 PREDICT1Ot"S
CAS3 OESIGN MAINT. 0g.1IC PART 11 SYSTEM ý_ONSTANTS

ML MM/HMAiPH MMH MA EMT/MA
- .- PARAMETEIlll SASE ]pptt:

FM( N] -0 AVG NO. MEN - G t.EVIL

______ MO-1-41  AVG NO. MEN - I L9SVSL

01MG1*1100tPORUANCE PARAMMTRS M1I)R MMH/F)4 I LEVE.L RATIO i
Splir MA/RH I LEVEL MATIO I

PARVT III SYSTEM A~NALYSIS

MASELINE PmcoicTrEL ifo ROVEENT
CLASS 1 CLAIS I .CGRAATON)

PARAMIRTRA CALCULATION- (J A)A 3

MMNiFH~ 1I1 OX(~P

rREa lfOB0X ýýAPM

"MMMH/MA, N A_ X

141~

SXig- 17E ~ /77/7-77-/7X
%4Ai/H /H j

swpm'~U~S b~ ~t
xur .4 - Vr~pt~ ~ ~ ~ ~ ~ tmi1

~ ~ - - - - - - - -



REV A

t 5.211. CONDITIONAL INSPECTION - WUC 03S

iZf rit : Weight empty and density.

•Number of Re~res3" f,. ••ibjkj.fl•: 3

ParaArd: ieight combat and wetted area.

f : Conditional Inspectton is considered a design related sLpport action
task. All maintenance actions reported againzt this code are the tsaponsLbility
uf the contractor (FIDR z 1.0) while only 67% of the maintenance time is
contrintor- controllabld (MIOR - 0.67). Data reported under this code is grouped
by Support Action Code 03 (Inspection) and Type Maintenance Cod4 S (Conditional
Ina peer ion ).

Regression analysis for both tue Maintenanne and Frequency Index equations
showed that weight empty and density Tere the most ,tatiitlcally valid design
parameter3. Density is defined as weight empI7 divided by fu-elad volume.

Variations in conditional inspection tasks between aircraft resulted in a
wide dispersal. of the data. Certaiiu, aircraft wpre deleted from the regreusion
analysis because to include them would have distorted th• trend for the majority
of the aircraft.

1516
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TA!3,E 5,24,4.2 REGRESSION AtPALYSIS SUMMARY REVA

WUC: 03S SYSTEM: CONDITIONAL !NSPECTrON

iAAINTFNANCE INDEX ESTIMATION - MMH/FH 0 LEVEI.

3M MI 1 WEIG•iT EMPY DENSITY
ACFT - . .ERROR X 10 LBS LB/F"•T

ACTUAL CALCULATED _WTmT) (r-EN-)

A6E .478 .503 -..02ý 26.0 18.05
A7E .268 .381 -.,113 18,9 7.9.89
AV8A .257 .79 .078 12.0 17.51
F4J .752 o691 .061 30.8 21.56
F!4 .63"1 .634 -. 001 38.2 11.43

STATISTICAL PARAME-ERS:
REGRESS'161 EQUATION MT = -0.4957 + 0.0229 (WTMT)+0.02274 (010)
CORRFLATTON COEFFICIENT r a 0.9376
STANGARD ERROR )ý ESTIMATE S m 0.0232C- 2 tO.06
CONFID'EINCE .VEL, 95% 2S - O.0464

RF~ OBSERVATIONS Na 5

FREQUENCY INOEX ESTIMATION - M.A/cH 0 LEVEL

3M FI WEIGHT EMPTY DENSITYA,\C'T _- 7R£ , Ro RIy10 LES I-8/ FTJS AJTUAL CALCULA4T'0 _ .8/ r

A4M .017 .021 -, 004 0. 4 17.45
(,7E .083 .063 .020 18.9 19.89
AV8A .026 '0101 .. 005 12.0 17.91

J .07 nge -.009 30.3 21.56
F8' O .0O6 .161 -. 003 19.8 18.62
S3A .064 .0G2 '001 26.6 14.94

STATISTICAL P.ýRAMET,.:
REGRESSION EQUATIUN F -0 -C,311i 0.0561 in (WTrTf)

0. 70I In (DEN)
REL•TTN CO''FF[CiE"T r , 0.9365

£NOA RC CoP "IF ETTX.T. E J .,1005

CR 0 3G2'N -k 1 1, -E r,,T OS J6

>r 19
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REV A

F WUC. CONTRACTOR:___________

SYSTEM:_______________ _ -AIRCRAFT MOL

PART ICONTRACTOR OATA

CILA33 3 =I90O MAINT. 1ego. PART 11 SYSTEM CONSTANTS
- PA9RAM~rTn "$a( PAIDO

I MaNQ AVG NO. MIEN - 0 LSVILZ -

__________________MIENI AVG NO. MIEN - ILI!VFL

OES3WW4IPWIR~MANCE PANAETIERSN ~ MNF I LEVEL RATIO *O
.;du- Zciit7 lfF101 MACH I LEVEL RATIO .01

lin '071UrA,.jft- - -

PART III SYSTEM ANALYSIS

1 BASELINE sfocl IMP94OVeEMN1"
CLASS I CLASS I (DOEGPIAOATIONI)

3-M OATA JI-M OATA (C)

PARAMWTL!A CALCULA~TION I (A) I
mmH/pm4 M JAINT INCIEX IAN/~7.'_

3A SELi Nt

M~P 9OEC. INOEX GRAPH 7/ ~

(3)

EMTMAP MM41F-4 )C MEN ///,js

x

(7

... . ...............

FigurL 6 24.4-3 WarkSheet f Or Evaluating S'ystsm Maintenalnce FRezqlrements

5-172
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5.24.5 OTHER INSPECTIONS .. WUC 03Z

•I td Pramer Funelage wetted area, •ru~t/weight ratio, and density.
46

Para/_tdr.m Considered.. .[: Weight empty, weight combat and weight
Smaximura takeoff.

rm nIt: Standard WUC 03Z 1s defined to include those support action
inspection tasks that aire beyond the control and responsibility of a contractor.
All mintanance reported against thia code ts the responzibility of the Navy
(FIDx 0.0, MIDR z 0.0). Data reported under SWUC 03Z is grouped by Support
Action Cods 03 (Inapecltion) and the following Type Maintenance Codes:

A General Support
E Acceptance/Transfer Inspection
F Transient Maintenance
L Local Manufacture
T Supply Support
U Reclamation And Salvage

Design parameters selected by the rngressien analysis program emphasized
aircraft physical size and perfom-tance such as fuselage wetted area, density and
thrust-to-weight ratlo. Larger aircraft with nigher thrust-to.-weight ratios
tend to require imre miscellaneous scheduled maintenance.

Certain aircraft were deleted fro,% the regression analysis because to
include them would have distorted the trend for the majority of the aircraft.
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TABLE .242 REGP.27SSOA AAl.Y31S SUWf'tRY

WIAC: 02................ SYSTEM~: OTHER INS PEC'N

MAINTENANCE 1NOEX ESTIMATION -. ktM/FH 0 LlI-VCL

3m MI FUSELAGE WETTED I RUT /~WEIGuHT
ACý7 ~ ~ ~ - ERROR AREA X 10-' FT2 AI

ACTUAL :A.'LTDRI0

AM.5..3465 .029 .487 1.076
AK.101 .333 -,034 1.006 715

A7E .2*5 .286 -. 041 .749 .793
AV8A .71C .723 -~.013 .5,41 1,741

STATTSTICA!. PARAMETERS:
REGRE.SSION EQUATIOi4 MI - 0.4068 +0.35ý8 (FU314E7'

+0. ý392 (T,'W)
CORRELATTON CtJEFFI*'CIENT r 0.9804
STANOARO ERROR OF ESTfIMTE S 0.0059

CWNIDENCE LEVEL, 95' 2 t0.0118
NUMSER OF 08.ýERVATT0NS 1= 6

FRLOUC'4CY 17DL.X ES-11MATI0N *-MA/Fl, 0 LEVEL

3- YT TdHRUST/WE1CHT DENSITY'-IPATi0 LS/FN)

~A6E 0&81 174 .'00B .715 1 18.05
A7E 089 .11O9 -.001L '1.93.99

3Ail "F.02 G 3..741 17.91
F4J .107 -. 004 11.162 21.56

S3A .046 .f .005 1.697

R "' STC"4C 0,01"60 + 0. !ý45 (T/W)
U00 74 (DJ N

cC.R.EL.ATC a~:ET
ST Pr .$CjR OjF S T"IMAT *'03

LO93D> "CL~7 )s to OUCC02

""F ''ý S V, 7 0,
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FAcV A

r wuC '-:CONrRA(TOR:- -

SYSTEM:_________-us:____ AIRCRAFT -MOUEL.,

PART I CONTIRACTOR DATA

CONTIRACT0M PRIDICT1ONS -
CLAU 3 OI"GN MAIINT. RIu. PART iI SYSTEM CONSTa.NTS

ML MM/1'" M4A F9 MMI4/MAA EMT/MA PARM ETR e1A, S ma

pI -MEN 0  AVGNCi. MEN - 0 LEVEL

MAN1 AVG NO. WIN - I I-VEL

06IGN/1109 FORFMANCIII PANAMUTIM MiIp mmwI4/F 1 LEVEL RATIOf=!g '4t-e ArPIftI141 MAPF4 I L-fVffL &RATOI L

PART lit SYSTEM ANALYSIS

SASILING P1IC-rioIMRVEN
CLASS ICLSI 9RIAON

3-M OATA 3-M OATA

PARAMETER CALCULATION(A

9AI!C. iNOEX ýF _/X //R;APTH~?T //// 2

MTM0  --

SASE ~ ~ 'ii'E .'..7

_ 77 -

I~ I--I-.

Is)~j

~~MT~~ MA 
-lk~

I -- _ _ _ _ _
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5.25 CORROSION PREVENTION WUC 04

Z91e, ae•• am : Fuselage wetted aioea and thrust/weight ratio.

d ~ctr.L Regression Ruato a: 9

?arameters Consider.d ande : Density, weight empty, max speed, weight
combat, and weight maximum takeoff.

• : Corrosion Prevention is considered a design related support action
task. All maintenaice actions reported against this code are the responsibility
of the contractor (FIDR = 1.0) while only 67% of the maintenance time is
_ýntractor contrcllable (MIDh .m 0.67). Data reported under this code is grouped
by Support Action Code 04 and all Type Maintenance Codes.

Regression analysis showed that fuselage wetted area and total aircrcft
th-ust-to-weight ratio were the most statistically valid design parameters.
Certain aircraft were deleted from the analysis because to include them would
have distorted the trend for the majority of the aircraft.

This task is very dependen-ý on aircraft age. New aircraft require less
corrosici prevention than older aircraft. A ca.;e history study on one type
air_'raft showed average annual M1ýH/FH has tripled from the first through the
seventh year of operation. A leveling off in MMH/FH was noted on that aircraft
about two years after IGC.
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I AUL- REGRESSION ANALYSIS SUMMARY RIEV A

'dUC: 040 SYSTEM: CORR

MAINTENANCE INDEX ESTIMATION - ,H/FH 0 LEVEL

3m MI FUSELAGE ýETT&D THRUST/WEIGHT
ACFT ERROR AREA X 1OJ FTt RATIO

ACTUAL CALCULATED (FUSWET) ( T/W)

A4M .191 .308 -. 117 .487 1.076
A6E 1.069 1.125 -. 056 1.006 .715
AV8A 1.290 1.478 -. 188 .541 '6741
F4,3 1.935 1.569 .366 .913 1.162
A8J 1.538 1.165 .373 .861 .990
F14A 3.314 3.409 -. 945 1.647 1.094
S3A .808 1.091 -. 283 1.004 .697

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI - -2.6456 + 2.6493 (FUSWET)

+1.5454 (T/W)
CORRELATION COEFFICIENT r- 0.9642
STANDARD ERROR OF ESTIMATE S - 0.4142
CONFIDENCE LEVEL, 95% 2S tO.8284
NUMBER OF OBSERVATIONS N 7

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

CM FEI FUSELAGE ýETTEDAC FT .... ERROR AREA X 10 ý72

ACTUAL CALCULATED (FUSWET)

A4M .076 .125 -. 049 .487
A7E .321 .259 .062 .749
AV8A .192 .158 .034 .541
F4J .318 .32 -. 0o3 .913
F8J .297 .303 -. 006 .861
F14A .512 .506 .006 1.647
S3A 307 .351 -,044 1,004

ST.V7ISTMC.IL PýRAME7E'S:

REGRESSION F,'UATC, ,•F 0.3948 + .3ý30 in (FUWIET)

., V- E 955'
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-UC CONTRAcTO R:,
AIRCRAFT MOCEL: ____

PART I CONTRACTOR DATA

C0N"*ZMA0 PREDICTIONS - 1
ML CLASS 3 OUsich; "ANT. ACLPART 11 SYSTEM CONSTANTS

ML MWM P MA/F MMI4/MA ffM TM

mEma AVG NO. MEN -0 LEVEL

_______________________ MENI AVG NO. MEN - iLXVeL

MIIR MUHIPH I LEVEL RATIO .01'
OWM MIIR OR ANS AR M M S UR MA/FH I LEVEL RAT 10 .09

PART III SYSTEM ANALYSIS

1 ASLII PRDICT!I3 tmpqovi[MfNT
CLASS I CLA~SSI (OGNOA)O

3-M DATA 3-M DATA C
PARAMETER CALCuLATION 1A) to)

TM/P \¶AiNr INDEX GRAP1", 4
(1) ~SASiE

;PC.iNDEX IGRAFM~ / Z 77
(2) 3ASE LINIE

-~~~~WH (3fHy/$//%;/___

- MMNMA MN

N4AMHPH1  " 72

MJ4 I - M ,l4 M.~-
MMI4/MA ILI

bla
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5.26 SHOP SUPPORT - WUC 05

Selected Paramete.r: Weight empty, and thrust/weight ratio.

Nube•r of Rvression gcuations Rin: 4

Parame ers Considered ad: Weight combat and weight maximum takeoff.

_o n" Standard WUC 05 is defined to include those support action tasks thl-.
are beyond the control and responsibility of a contractor. All maintenanck
reported against this code is the responsibility of the Navy (FIDR = 0.0, MIDR
0-0). Data reported under SWUC 05 includes the following support actions:

05 General Functions
06 Buildup and Teardown/Engine Tot Stand Operation
07 Mission Shop Support
08 Inspection of Aviator's Equipment
09 Non-Aeronautical Work

Regression analysis for both the Maintenance and Frequency Index eouations
showed that weight empty and thrust-to-weight ratio were the most statistically
valid design parameteý-s. Certain sub-tasks identified in Ref. 31 were adjusted
"to the Fleet average to insure a more representative data sample. As shown
below, actual M]MH/FH valuez for some aircraft exceeded the r:orm because of
unique maintenance requirements. Adjustments were made by averaging MH/FlH
values for the remaining aircraft reporting maintenance data against ,hat given
sub-task. A 5imilar adjustment was made for MA/FH.

CLASS I
o-LE, L ADJUSTED TCO

052 Painting F-8J 470 .102

057 Test/ins pet/Service AV-8A .635 .026

070 Mission Shop Support F-3J .58 .171

076 Sonobuoys S-3A .130 .00C

S077 ECM/Chaff A-a4M .233 .0 17

078 Tape/Film A-4 .441 .025

0%3 Non-Aero lac-k AV-8A Jý 17 ot

5 3
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TABLE 5.26-2 REGRESSION ANALYSIS SUMMARY REV A

WUC: SYSTEM: SHOP SUPPORT

-MAINTENANCE INOEX EZTIMATI - ,"tMH/FH 0 LEVEL.

3M MI k:IGHT EMPTY THRUST/WEIGHT
ACFT ..- - ERROR X 103 LBS RATIO

ACTUAL CALCULATED (WTNT) (T/W)

A4M .520 .531 -. 011 10.4 1.076
A6E .608 .661 -. 053 26.0 .715
A7E .606 .597 .009 18,9 .793
AV8A .812 .819 -. 007 12.0 1,741
F4J 1.041 .961 .080 30.8 1.162
FOJ .727 .723 .004 19.8 .990
FI4A .941 1.009 -. 068 38.2 1.094
S3A .703 .657 .046 26.6 .697

STAT'ISTICAL PARAMETERS:
RE.RESýi0N EQUATION MI - -0.3.'o 0.3613 tn (WTMT)+0.491j 1 n (T/W)

CORRELATION COEFFICIENT r 0,9625
STANDARD ERROR OF ESTIMATE S 0.0163
CONFIDENCE LEVEL, 95% 2S a tO.0326
NUMBER OF OBSERVATIONS N , 8

FREQUENCY INCEX ESTIMATION - MA/FH 0 LEVEL

,M FI WEIGdT EMPTY THRUST/WEIGHT
ACFT ERFOR X 103 LBS RATTO

ACTUAL CALCULATED (WTMT) (T/W)

A4M .312 .285 .027 10.4 1.076
A7E .364 .340 .015 18.9 .793
AV8A .411 .417 -. 006 12.0 1.741
F4J .590 .567 .02:; 30.8 1.162
FsJ .341 .394 -. 053 19.8 .990
$3A .429 .434 -. 005 26,6 .697

STATISTICAL PARAMETERS,
REGRESS.cN ECUA"TON 'O'r -0,0316 + 0.013 (WIflT)

4-u]. i67 T. Jý Vi.1;
C>RPET.AT>)4N 22EE•'rTCEJ•T - C]q
STAN[,ARD ERROR J> EST'A" - - u .

'i' MBE! 3 S "1-:5RVAT$ A T

518
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REV A,

wvuc __________ CONTRACTOR-___________

SYSTE:-iu-L=~- -- z- AIRCRAFT MODEL. _______

PAAT I CONTRACTOR DATA

coNTRTOR PiE',gcnroNs -
CLAO 3 OISIGN MAINT. RIQ. PAR T 11 SYSTEM CONSTANTS

~ M~ APAMAAINTIER 1 ASE[ pqWkD

.. L.....L.-.~. IMENQ AVG NO. WEN - 0 L.EVEL

maNI AVG NO. IVIZN - I LIEVEL.

0I[lq~WP~RFRM~*ClPAAMOIRSkMi9t kMMM/F I LEVEL FRA'rio .77

a i & ! I G NJZ wR P O N M A N C U - IR M A IF II I L E V E L H A T IO .6 5

PR'III SYSTEM ANALYSIS

9AS11LINIE T EOT! IPVM4T

DAA3M DATA fC)
PARAMITIR CALCULATION (A) %IAS(EIAAIN

qga M~\AINT 1NO0FX GAAP*4

BA SELINE _______

NS~diW (2A SLN E 0_d__A___4________ý,

214

K -0 I IX/Y' R~1

77,77_ -7ý7 7

7(L;;7 AAA X. -

L__________ V'.
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, 1-75PA-8. Naval Air Systeme Command, U. S. Navy, Washington, D. C.,
Janua•y 15, 1976.

29° Nav. 3.•dZj•- ILL. NAVAIR
01-..93AA-8. Naval Air Systems Command, U. S. Navy, Washington, D. C.,
Auguit 1, 1974.

30, r ode uManul U ,.r.=J3Z. NAVATF.
01-V8-8. Naval Air Systems Command, U. S. Navy, Washington, D. C.,
December 1, 1975.

31. Support Action Codes. COMNAVAIRPACNOTE 4790, 2 November, 1972.
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